Y, is the y-coordinate of the upper limit of solute source, Z,, is the z-coordinate of the lower limit of solute source, and Z, is the z-coordinate of the upper limit of solute source. To solve equation Al.1 for the patch source, first solve the partial differential equation for solute transport in an aquifer with an instantaneous point source at the inflow end (at x=0). The governing equations are identical, but the boundary condition at x=0 (eq. A1.2) is rewritten as C (0, y, z, t)=C, 6(y-y') S(z-z') W-t') at x=0, where 6 ( > is the dirac delta function, y' and z' are the coordinates of the point source, and t' is time at which the instantaneous point source starts and ends.
STEP 2:
A variable transformation is applied to remove the advective and solut'e-decay terms, where The resulting transformed solute-transport equation and boundary and initial conditions are ac -$=D,$+D e+D,$ Yaf c (0, y, z, t>=C, exp g+M 6(y-y') S(z-z') S (t-t') [ 1 x (A1.8) c (a, y, z, t>=o (A1.9) c (x, +w, z, t>=o (Al. 10) c (x, y, *cQ, t>=o (Al.ll) c (x, y, z, o>=o (Al. 12) STEP 3: The x-derivative term is removed by applying the Fourier sine transform, defined by Churchill (1972, p. 401-402) The exponential Fourier transform is applied again to remove the z-derivative. Also, by definition, the integral of a function multiplied by the dirac delta function (last term in eq. A1.23) is equal to the function evaluated at the coordinate of the point source; that is
Thus, the transformed equation and initial condition are given by The transformed ordinary differential equation is solved for z using an integrating factor; that is, given a differential equation of the form (A1.29) the solution is given by
where the integrating factor p(t) is given by The inverse Fourier sine transform (eq. A1.14) is applied to remove the ct term; that is (A1.34) From a table of inverse Fourier sine transforms given in Churchill (1972, p. 424, eq. D.1.26) Se'[a exp( -ati2)]=2a~~xp(~).
Applied to equation A1.35, this yields E v2tt
The inverse exponential Fourier transform (eq. A1.21) is applied to remove the p terms; that is
Multiplying through by 2qrDv(t-t') 22/TD,(t-t') and using the shift theorem (Churchill, 1972, p. 471, eq. C.1.5) given by
and equation C.1.20 from the table of inverse exponential Fourier transforms (Churchill, 1972, p. 472) given by
l exp[ -4&::T,J. (A1.40) STEP 9:
Next multiply through by :2:(iI::; and apply the inverse exponential Fourier transform (eq. A1.21) to remov& t L e y terms; that is
Applying the shift theorem and inverse transform (eqs. Al.38 and A1.39) yields
1 ' (A1.42) STEP 10:
The transformed variable is converted back from c to C by multiplying both sides of equation Al.42 by [ vx v2t ew 2D,-4D,-it I (see eq. A1.7) to yield the analytical solution to the solute-transport equation for an instantaneous point source where erfc is the complementary error function, l-erf(x); thus, the analytical solution for an instantaneous line source is given by
The z' terms in equation Al.44 are integrated similarly from z'=Z, to z'=Z, to obtain the solution for an instantaneous patch source using equation A1.4'7; that is 
AQUIFER OF FINITE WIDTH AND HEIGHT WITH FINITE-WIDTH AND FINITE-HEIGHT SOLUTE SOURCE
The following is a step-by-step derivation of the analytical solution for solute transport in an aquifer of infinite length and finite width and height containing a solute source of finite width and finite height (patch source) in a steady flow field (eq. 114 in the text). where V is the velocity in x-direction, Y1 is the y-coordinate of the lower limit of solute source, YZ is the y-coordinate of the upper limit of solute source, Z1 is the z-coordinate of the lower limit of solute source, Z, is the z-coordinate of the upper limit of solute source, W is the aquifer width, and H is the aquifer height.
STEP 1:
To solve equation Al.51 for the patch source, a variable transformation is applied to remove the advective and solute-decay terms, where The y-derivative is removed by applying the finite Fourier cosine transform as defined by Churchill (1972, p. 354-356) ; that is =exp (-bx 
AQUIFER OF INFINITE WIDTH AND HEIGHT WITH CONTINUOUS POINT SOURCIE
The following is a step-by-step derivation of the analytical solution for solute transport in an aquifer of infinite length, width, and height containing a continuous point solute source injecting solute with a concentration C, at a rate Q in a steady flow field (eq. 105 in the text). where V is the velocity in x-direction, Qdt C, is the mass of solute injected into aquifer over the time period dt, n is the aquifer porosity, X,,Y,,Z, are the coordinates of the point source, and 6( > is the dirac delta function.
STEP 1:
To solve equation Al.91 for the continuous point source, first solve the partial differential equation for solute transport in an aquifer with an instantaneous point source. The governing equation is rewritten as ac dt=D,~+Dy~+D~~-V~-he+~C,6(x-X,)606(z-Z,)~(t-t~), (A1.97) Qdt f where t' is time at which the instantaneous point source starts and ends. Boundary conditions remain the same.
STEP 2:
A variable transformation is applied to remove the advective and solute-decay terms, where The inverse exponential Fourier transform (eq. A1.105) is applied three times to remove the OL, j3, and y terms; that is -iaX,-a2D,(t-t') 11 l E -ipY,-p2D,(t-t')
Multiplying through by w 2~,-4~,--At 1 (see eq. A1.98) to yield the analytical soltuion to the solute-transport equation for an instantaneous point source (similar to eq. 104 in the text); that is
